Purpose Little is known regarding the magnitude and timing of the risk of VTE following inguinal hernia surgery. We aimed to determine the absolute and relative rates of venous thromboembolism (VTE) following planned inguinal hernia repair. Methods We analysed male adults with a first inguinal hernia repair with no prior record of VTE from the Clinical Practice Research Datalink, linked to the Hospital Episode Statistics (2001Statistics ( -2011. Crude rates and adjusted hazard ratios (HR) of the first VTE were calculated using Cox regression analysis to compare specific time periods following the surgery compared to the general population. Results We identified 28,782 men who underwent an inguinal hernia repair with 53 (0.18%) having a first VTE in the 90 days following surgery. The overall rate of VTE in the first 90 days following surgery was 7.61 per 1000 person years (pyrs) (95% CI 5.82-9.96). Increasing age, a body mass index > 30 kg/m 2 and an in-patient procedure were associated with an increased risk of VTE, when compared to the general population. The risk of VTE was highest in the 1st month following the surgery with a 2.3-(aHR 2.33; 95% CI 1.09-4.99) and 3.5-(aHR 3.47; 95% CI 2.07-5.83) fold increased risk compared to the general population for both day case and planned in-patient procedures, respectively. Conclusions Reassuringly, the absolute rates of VTE following inguinal hernia repair are low. Patients should be informed that their peak risk of VTE is during the 1st month following the surgery. Further studies on the optimum duration of thromboprophylaxis following surgery are required in high-risk patients undergoing hernia repair.
Introduction
Inguinal hernia repair is the most commonly planned general surgical procedure, performed with over 750,000 each year in the United States and 70,000 a year in England [1, 2] . The British Hernia Society guidelines suggest patients should be informed about the symptoms and signs of venous thromboembolism following the surgery [3] . However, these guidelines give no details on how commonly VTE occurs following inguinal hernia surgery. Studies reporting the risk of VTE following inguinal hernia repair have generally focused on individual patient groups such as those having a laparoscopic repair [4] [5] [6] , are single centre retrospective studies [4, 7] , have not reported the timing of events [7] or have reported VTE as part of a composite endpoint [8] [9] [10] . To date the largest study reporting on the rates of VTE following inguinal hernia surgery reported a 91 day rate of VTE of 0.4% and included 10,263 patients [11] . The study, however, did not report hernia specific rates of VTE by age, comorbidity or by mode of surgery (in-patient/day case). There was also no report of the excess risk of VTE associated with surgery compared to the general population. Whilst the overall risk of VTE may be low following inguinal hernia surgery, we currently have no population-based estimates of how patient factors and the mode of surgery will 1 3 have an impact on the risk of VTE following hernia repair. Information regarding those at greatest risk and the duration and magnitude of this risk are key to directing appropriate preventative measures and accurately informing the patients of their risk of postoperative VTE.
Therefore, we have undertaken a population-based study using linked primary and secondary health care data to quantify the risk of first VTE among males undergoing inguinal hernia repair during the post-surgical period and compared those to the baseline VTE risk of the general population.
Materials and methods
Descriptions of the database used are contained in our prior publications [12, 13] . In brief, we used data from the CPRD, a UK based primary care database in which diseases are coded using read codes [14] , which was linked to the secondary care data from HES which codes diagnoses for each hospital admission using a combination of International Statistical Classification of Disease and Related Health Problems (ICD-10) along with the Office of Population Censuses and Surveys Classification of Surgical Operations and Procedures version 4 (OPCS 4) detailing the procedures performed. These data have been previously shown to be similar in terms of age, sex, and geographical distribution of the data from the UK population published by ONS [15] .
The cohort was identified from CPRD-HES linked data using OPCS codes for inguinal hernia (Codes T201, T202,  T203, T204, T208, T209, T211, T212, T213, T218, T219) . A laparoscopic approach was confirmed by the inclusion of an OPCS code for laparoscopy Y508, Y571 and Y752. Men were followed-up until they developed a VTE event, died, left a participating GP practice or before 31st Dec 2011, whichever was earliest. Men under the age of 18 years were excluded, as the risk of VTE following hernia repair in this group have been reported previously. Female patients were excluded as they only contributed 6.6% of cases of planned inguinal hernia repair (2063/30,845).
The population cohort was identified from the CPRD-HES linked data. To maximize statistical power, all the available controls without a diagnosis of surgery during their CPRD-HES record were eligible. The population cohort was frequency matched in a ratio of 10:1 by 5-yearage bands to those undergoing surgery. They received a pseudo-diagnosis date generated at random between the study start and end date (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) .
Our definition of VTE based on the presence of a code for VTE accompanied by a prescription for an anticoagulant has been described previously [12, 13] . Only the first confirmed VTE was included in the analysis. We took the date of diagnosis of VTE to be the episode start date for VTEs occurring within the same hospital spell as the index operation.
Those with a VTE prior to admission for hernia repair were excluded. The definition using primary care data alone has been validated previously showing 84% of cases were valid [16] and used in our prior studies of VTE [17, 18] .
Comorbidity was determined from the CPRD and HES data and classified using the Charlson index prior to the admission for surgery and categorised as no comorbidity, one comorbidity or two or more comorbidities [19] . Body mass index (BMI) was defined from the primary care data and classified as less than 30 kg/m 2 , greater than or equal to 30 kg/m 2 or missing to assess any systematic differences in those with missing data. Length of stay for each admission was calculated in days. Finally, admission type was defined as in-patient or day case on the type of admission recorded for the surgical procedure.
We described the basic characteristics using frequencies and percentages. Median ages were calculated and compared using the Kruskal-Wallis Test. Absolute rates of VTE (per 1000 person years) were calculated for the first 90 days following surgery. These rates were then stratified by age, comorbidity, BMI and admission type. The impact of these factors on VTE risk was assessed in terms of hazard ratios (HR) using the Cox regression model compared to the general population within each stratum. To assess the impact of timing in relation to index surgery on the risk of VTE, we also calculated the rate of VTE within hospital admission during which the index surgery was conducted and during the post-discharge period (defined from the date of discharge up to exit from the study defined as death, last data collection or VTE). The post-discharge period was further stratified into individual months up to 3 months. We undertook a further analysis by weeks following the surgery up to 12 weeks following the discharge, given the increased risk of VTE following gastrointestinal surgery reported in the Million Women Study [20] . Cox regression analysis was again used to provide HR for each time interval at risk, comparing the risk of those undergoing in-patient or day case inguinal hernia repair to the general population. Missing data was fitted as a separate category in all the analyses. All the data management and analysis were performed using Stata 12 (Statacorp, Texas 77845 USA).
The Independent Scientific Advisory Committee approval board which provides scientific advice to the Medicines and Healthcare products Regulatory Agency (MHRA) approved the study (Protocol 11-051R).
Results

Demographics of cohort
We identified 28,782 men undergoing an inguinal hernia repair with 53 (0.18%) VTE events occurring within 90 days of surgery. The median age at hernia repair was 61 years (inter quartile range (IQR) 48-71 years). In total, 53.78% (15,480/28,782) of men had their hernia repair performed as a day case procedure. Those men having a day case procedure (median 57 years; IQR 43-66) were younger than those undergoing in-patient repair (median 66 years; IQR 55-76) (Kruskal-Wallis, p < 0.0001). The median age of the population cohort was 52 years (IQR 38-65). The proportion of men with a Charlson index greater than two was higher in those undergoing in-patient repair compared to those under day case repair (Charlson group ≥ 2 10.5% vs 24.8% Chi squared p < 0.001) ( Table 1 ). The median length of stay following an in-patient procedure was 1 day (IQR 1-2). Overall, 5.40% (1576/28,782) of hernias were recurrent. Laparoscopic hernia repair was undertaken in 12.25% (1897/15,480) of day case procedures and 12.61% (1678/13,302) of in-patient procedures. In total, 700 (2.4%) men had a prior prescription of long-term anticoagulant, but none of them developed VTE.
Overall rates of VTE following inguinal hernia surgery
The overall rate of VTE in the first 90 days following inguinal hernia surgery was 7.61 per 1000 person years (95% CI 5.82-9.96) compared with 2.74 per 1000 person years (95% CI 2.51-3.00) in the control cohort. The rate of VTE increased with increasing age, peaking in those over the age of 60 years with a rate of 15.31 per 1000 person years, which represented a 2.1-fold (HR 2.10; 95% CI 1.44-3.06) increase in risk compared to the general population (Table 2) . A BMI greater than 30 kg/m 2 was associated with a 3.7-fold increase risk of VTE compared to the general population; however, those men whose BMI was missing also had a fivefold increase in risk compared to the general population when adjusting for age comorbidity and admission type ( Table 2) . Those undergoing an in-patient repair had a 2.8-fold (adjusted HR 2.84; 95% CI 2.04-3.95) increased risk of VTE compared to the general population. Those undergoing a day case inguinal hernia repair had a 1.6-fold increase in the risk of VTE compared to the general population; however, this was not significant (adjusted HR 1.57; 95% CI 0.92-2.87).
The absolute rate of VTE was highest in those men with a Charlson score of at least 2 (AR 11.58 per 1000 person years), which did not represent an increase in the risk of VTE compared to the general population (HR 1.30; 95% CI 0.76-2.24). The greatest relative risk of VTE was seen in those men with no comorbidity with a 4.3-fold increased risk compared to the general population (adjusted HR 4.29; 95% CI 2.81-6.56). To explore this relationship further, we stratified rates by in-patient and day case procedure which demonstrated that the highest absolute rates were in those men having an in-patient repair with a Charlson score of 2 or more (16.32 per 1000 person years) representing a 1.8-fold increase in risk compared to the general population (adjusted HR 1.76; 95% CI 1.01-3.08) ( Table 3 ). In contrast, those men having a day case procedure with a Charlson score of 0 had the highest absolute rates of VTE 4.07 per 1000 person years which represented a 3.2-fold increase in risk (adjusted HR 3.26; 95% CI 1.75-6.06) compared with those men with a Charlson score of 1 or 2 or more having lower rates of VTE with no associated increase in risk compared to the general population.
Rates of VTE following day case inguinal hernia repair
The absolute rate of VTE was greatest in the 1st month following day case surgery (5.55 per 1000 person years 95% CI 2.64-11.64). The peak rate occurred in the 2nd week following discharge (10.16 per 1000 person years (95% CI; 3.28-31.51). 
Relative risk of VTE following hernia repair by mode of surgery compared to the general population
Following a day case hernia repair, there was a 2.0-fold increase (Table 4) in risk of VTE compared to the general population and when accounting for age, comorbidity and BMI, this increased to a 2.3-fold increased risk of VTE in the 1st month following surgery (adjusted HR 2.33; 95% CI 1.09-4.99). There was no difference in the rate of VTE between those undergoing day case repair compared to the general population in the time following.
In those undergoing an in-patient repair, there was a 5.3-fold increase (Table 5) in risk of VTE compared to the general population in the 1st month following surgery; however, this relationship was attenuated when accounting for age, comorbidity and BMI (adjusted HR 3.47; 95% CI 2.07-5.83). The risk of VTE remained elevated compared to the general population in the 2nd and 3rd month following surgery (Table 5 ) before returning to the baseline risk in the time following. Fig. 1 Rates of VTE following in-patient repair during the in-hospital period and 3 week rolling average following 
Discussion
The overall rates of VTE following inguinal hernia repair are low. Increasing age, BMI and an in-patient admission were associated with an increased risk of VTE. Day case surgery was associated with a 2.3-fold increase in the risk of VTE in the 1st month following surgery compared to the general population, whilst in-patient surgery was associated with a 3.5-fold increase compared to the general population in the 1st month following surgery. The duration of this excess risk was limited to the 1st month following day case surgery, but extended to the 3rd month following surgery in those having an in-patient repair. The peak risk of VTE following inguinal hernia repair occurred in the first 2 weeks following discharge, irrespective of whether the procedure was carried out as a day case or in-patient. Our study used linked data to identify men undergoing inguinal hernia repair from population-based data, with identification of operative procedures from secondary care along with defining VTE in a validated manner from primary [16] and secondary care and in that sense, it is uniquely placed to quantify VTE risk accurately. However, the utilization of day case surgery is lower than that reported from other countries [21] . There may, therefore, be an overestimate of the risk of VTE following hernia surgery from this cohort due to the higher proportion of men having an in-patient procedure, as VTE risk is known to increase with hospitalisation independent of other factors [22] . Although we were unable in our analysis to identify those men receiving thromboprophylaxis, there were no specific recommendations for extended prophylaxis following hernia repair until the last year of the study. Furthermore, the rates of VTE prophylaxis use in these patients were low [23] .
Our overall 90 day rate of VTE following inguinal hernia repair of 0.18% is less than that reported by the only other population-based reporting on rates of VTE following hernia surgery using data from the California Patient Discharge Data Set from 1992 to 1996 which reported a 0.4% incidence at 91 days [11] . Possible explanations for this difference include a greater awareness of VTE prevention by surgeons in the current dataset given this study uses more contemporary data. There was also little data given on the type of surgery undertaken and as our results show rates vary by the mode in which hernia repair is performed which may also, therefore, account for the difference in rates. The prior study also used only secondary care data to identify cases of VTE and this may overestimate rates of VTE [17] .
One previous study has suggested that low-risk patients could have thromboprophylaxis omitted following inguinal hernia surgery, as rates of VTE are low [7] . Our findings of a low rate following day case and only a small increase in risk compared to the general population would agree with this. This prior study, however, did not have the power to risk stratifying patients to identify those at increased risk or detail the timing of the risk of VTE following inguinal hernia repair. Given that it has been reported that the majority of surgeons fail to risk stratifying their patients undergoing hernia repair, it may be that those at high risk of VTE are not being correctly identified [24] .
The Million Women Study that studied a large cohort study of middle-aged women reported an increased risk of VTE following surgery which lasted up to 12 weeks following surgery [20] . However, this previous study was unable to detail risk by procedure and the vast majority of patients having an inguinal hernia repair are males. Our study has confirmed an increased risk of VTE lasting up to 12 weeks following an in-patient repair. It also highlighted the peak rate of VTE occurs following discharge, suggesting risk stratification at discharge may be appropriate given the short length of stay of patients having an in-patient repair.
The overall risk of VTE following planned inguinal hernia surgery in males is low. The risk of VTE peaks in the 2nd week following discharge with the highest absolute rates was seen in men following in-patient repair. The risk of VTE is elevated for a month following day case surgery and 3 months following in-patient repair compared to the general population, which is important when informing men of the duration for which they may be at increased risk of VTE. Our results suggest that after appropriate risk stratification, the majority of men may not need any prophylaxis for VTE following inguinal hernia repair. Further larger studies considering a wider range of prognostic variables could be performed to further characterise those who do not require thromboprophylaxis. Current NICE guidance would recommend that men with associated risk factors for VTE and poor mobility following repair may be considered for thromboprophylaxis post-discharge from a day case unit [25] . Given our findings of a peak risk at 2 weeks, this may be an appropriate duration of prophylaxis; however, randomised trials of this intervention may be required. Given the risk is higher in men undergoing an in-patient procedure, it may be that this group of men should also be considered for risk assessment for prophylaxis, following discharge or greater efforts should be made to undertake these procedures in the day case unit where the risks of VTE are lower. These patients may be considered for prolonged prophylaxis of up to 1 month; however, further studies would be required to assess the risk benefit of this duration of prophylaxis, given the potential for increased complications due to bleeding associated with thromboprophylaxis.
